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calculationsAbstract Condensation of barbituric acid with hydrazine hydrate yielded barbiturichydrazone (L)
which was characterized using IR, 1H NMR and mass spectra. The Co(II), Ni(II) and Cu(II) com-
plexes derived from this ligand have been synthesized and structurally characterized by elemental
analyses, spectroscopic methods (IR, UV–Vis and ESR) and thermal analyses (TGA, DTG and
DTA) and the structures were further elucidated using quantum chemical density functional theory.
Complexes of L were found to have the ML.nH2O stoichiometry with either tetrahedral or octahe-
dral geometry. The ESR data showed the Cu(II) complex to be in a tetragonal geometry. Theoret-
ical investigation of the electronic structure of metal complexes at the TD-DFT/B3LYP level of
theory has been carried out and discussed. The fundamental vibrational wavenumbers were calcu-
lated and a good agreement between observed and scaled calculated wavenumbers was achieved.
Thermal studies were performed to deduce the stabilities of the ligand and complexes. Thermody-
namic parameters, such as the order of reactions (n), activation energy DE*, enthalpy of reaction
DH* and entropy DS* were calculated from DTA curves using Horowitz–Metzger method. The
ligand L and its complexes have been screened for their antifungal and antibacterial activities
and were found to possess better biological activities compared to those of unsubstituted barbituric
acid complexes.
ª 2014 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Considerable attention has been directed to artiﬁcial receptors
for biologically active molecules [1]. From the most suitable
compounds for this purpose are the derivatives of barbituric
acid which are members of the pyrimidine family. However,
their biological activity is mainly attributed to tautomeric,
218 A.A. Soayed et al.acid-base equilibrium and to the nature of the substituents [1].
Moreover, compounds containing pyrimidine ring play an
important role in many biological systems, where they exist
in nucleic acids, several vitamins, coenzymes and antibiotics
[2]. Nucleic acids are related to antimetabolites used in
anti-carcinogenic chemotherapy [3]. Some novel pyrimidine-
2,4-diones were found to have good anti-fungal activity and
are thus potential agents to treat infections [4]. Metal com-
plexes of pyrimidines as well have a great variety of biological
activities such as antimalarial, antibacterial, antitumor and
antiviral activities [5–8].
Well known pyrimidines are barbituric acid derivatives that
constitute a class of drugs that have diverse applications such
as sedatives, hypnotics and anticonvulsants and are also
employed for anesthesia [9,10]. They are also used for the
treatment of anxiety, epilepsy and other psychiatric disorders
and possess effects on the motor and sensory functions
[11,12]. Barbituric acid derivatives also exert important action
on the central nervous system (CNS) [13] and have found
totally new biomedicinal applications in ﬁelds such as cancer
and AIDS therapy [14]. Their activity might be inﬂuenced by
complex formation. Some of barbituric acid derivatives as well
were found to reduce body weight, liver weight, visceral fat
and regulated serum levels of biochemical markers [15].
Moreover, hydrazones and their derivatives have interest-
ing biological properties, such as anti-inﬂammatory, analgesic,
anticonvulsant, antituberculous, antitumor, anti-HIV and
antimicrobial activities [16]. Hydrazones containing amide
groups such as isatin act as inhibitors and cause an arrest of
the cell cycle and exhibit a selective killing effect on several
tumor cell lines [17].
Because of the wide range of medicinal applications of bar-
biturates and hydrazones and their ability to coordinate with
transition metal ions, syntheses of their metal complexes and
the study of such complexes may lead to a greater understand-
ing of the role of these compounds in biological systems, and
may also contribute to the development of new metal-based
chemotherapeutic agents. In this manuscript, we report on syn-
thesis and solid state structure of the chelation of ﬁrst row
transition metal ions with barbituric containing hydrazone
ligand as this ﬁeld to the best of our knowledge has not been
exploited before.2. Experimental
2.1. Materials and reagents
All chemicals used were of analytical reagent grade (AR). 1H
NMR spectrum was recorded on a Varian EM 390 90 NMR
spectrometer (Micro Analysis Center, Cairo University,
Egypt) using DMSO-d6 (Merck) as a solvent and tetramethyl-
silane (TMS) as an internal standard at room temperature.
Mass spectral measurement of the synthesized compound
was done on a DI Analysis Shimadzu Qp-2010 Plus (Micro
Analysis Center, Cairo University, Egypt). Spectrophotomet-
ric measurements were carried out using an automated
spectrophotometer UV/VIS Perkin-Elmer Model Lambda 20,
and ranged from 200 to 1200 nm. Elemental microanalyses
of the separated solid chelates for C, H and N were performed
by the Micro analytical Center, Cairo University using the
usual methods of analyses. The metal ion content wasdetermined using both volumetric analyses by atomic absorp-
tion method using spectrophotometer 850-Fisher Jarrell ash
computer controlled. Infrared spectra were recorded on a
Perkin-Elmer FT-IR type 1650 spectrophotometer in wave-
number region 4000–200 cm1. The spectra were recorded as
KBr pellets. The thermogravimetric analyses (TGA, DTG
and DTA) were carried out in a dynamic nitrogen atmosphere
(20 mL min1), with a heating rate of 10 C min1 using
LINSELS STA PT 1000 thermal analyzer. The ESR (X-band)
spectrum for the poly-crystalline sample was recorded at room
temperature using a Varian E-12 spectrometer and DPPH as
an external standard.
2.2. Procedures
2.2.1. Synthesis of ligand: (L)
A hot solution (70 C) of barbituric acid (1.12 g, 10 mmol)
dissolved in the least amount of water was mixed with a hot
solution (70 C) of hydrazine hydrate (0.32 g, 10 mmol) in
50 mL of ethanol to which (0.40 g, 10 mmol) of NaOH was
added. The resulting mixtures were left under reﬂux with stir-
ring for at least 7–8 h after which the red solid product (L) was
formed, ﬁltered, washed with diethyl ether, and then dried in
vacuum over anhydrous calcium chloride.
2.2.2. Syntheses of metal complexes
The metal complexes of (L) were prepared by the addition of a
hot solution (70 C) of the appropriate metal chloride
(10 mmol); (CoCl2Æ6H2O, 2.37 g, NiCl2Æ6H2O, 2.37 g, CuCl2.
2H2O, 1.70 g) in ethanol (25 ml) to a hot solution (70 C) of
the ligand (10 mmol) in the same solvent (25 ml). The medium
was controlled by adding NH3 solution till pH is between 9
and 10 to prepare weak alkaline medium. The resulting mix-
tures were stirred under reﬂux for 2–3 h whereupon the com-
plexes precipitated, were collected by ﬁltration, washed with
a 1:1 ethanol–water mixture followed by diethyl ether and then
dried in vacuum over anhydrous calcium chloride.
The analytical data for L complexes were as follows:
[CoL.H2O]2, (% Calcd. found): [(Co: 27.09; 26.98); (C: 22.15;
22.20); (N: 25.84; 25.47); H: 2.76; 3.07)]; kmax (nm) = 432,
579, 638. For [NiL.3H2O] H2O, (% Calcd. found): [(Ni:
21.58; 21.49); (C: 17.58; 17.37); (N: 20.52; 20.39); (H: 4.39;
4.17)]; kmax (nm) = 433, 460, 495. For [CuL.H2O]2, (% Calcd.
found): [(Cu: 28.68; 28.36); (C: 21.66; 21.60); N: 25.28; 24.94);
(H: 2.71; 2.93)];. kmax (nm) = 484, 684, 979.
2.3. Biological activity
Antimicrobial activities of the tested complexes were deter-
mined using a modiﬁed Kirby–Bauer disk diffusion method
[18]. 100 ll of the test bacteria or fungi were grown in 10 ml
of fresh media until they reached a count of approximately
108 cells/ml for bacteria or 105 cells/mL for fungi [19]. 100 ll
of microbial suspension was spread into agar plates corre-
sponding to the two in which they were maintained. Plates
incubated with ﬁlamentous fungi as Aspergillus ﬂavus at
25 C for 48 h; Gram (+) bacteria as Staphylococcus Aureus,
Gram () bacteria as Escherica coli were incubated at
35–37 C for 24–48 h and yeast as Candida albicans incubated
at 30 C for 24–48 h and then the diameters of the inhibition
zones were measured in millimeters [18].
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Since single crystal X-ray structure for the ligand and its com-
plexes was not available, so, quantum chemical calculations were
utilized to ﬁnd the geometrically optimized structures of these
complexes. Optimization of geometries was done with the den-
sity functional theory method (DFT) using the GAUSSIAN
09 program package [20], as DFT methods are very effective in
modeling compounds and have good experimental correlations
with the IR frequencies. The DFTmethod was treated according
to hybrid Becke’s three parameter and the Lee–Yang–Parr
function (B3LYP), the most popular density functional method
[21–23], using the 6–31G (d) basis set for the H, C, N and O
atoms and LANL2DZ basis set for the metal centers in the gas
phase. The vibrational assignments of the normal modes were
made by combining the results of the Gaussview 5 molecular
visualization program with the VEDA 4 program [24,25]. Theo-
retical investigation of the electronic structure of metal com-
plexes has also been carried out, the frontier orbital has been
plotted and discussed using time-dependent DFT.
3. Results and discussion
3.1. Characterization of ligand and metal(II) complexes
Some authors discussed the formation of hydrazones by the
direct reaction between hydrazines and barbituric acid where a
series of hydrazones bearing an amide group were prepared by
Belskaya et al. [26]. Vvedenskii et al. [27] have shown that the con-
densation of barbituric acid with hydrazines affords barbituric
acid 2-hydrazones due to the ketonic character of the 2-carbonyl
group. On the other hand, Lehn et al. [28] have also shown that
condensation of cyclic ketones with hydrazines yields the corre-
sponding hydrazones or its hydrazino-enone tautomer. The pre-
pared hydrazones of barbituric acid retain their acidic properties.
In this manuscript, condensation of barbituric acid with
hydrazine hydrate yielded the ligand – L. The structure of
the ligand L was elucidated using IR, NMR and mass spectra,
together with the use of theoretical quantum chemical DFT
method.
3.1.1. Geometry
Barbituric–hydrazone ligand (L) can either exist in the keto or
enol form, Fig. 1, but theoretically the keto form (GroundFigure 1 Ketoenol fostate energy 525.49430 a.u.) was found to be more stable
than the enol form (Ground state energy 525.44869 a.u.).
This indicates that the ligand is present predominately in the
keto form. However, theoretical calculations have shown that
chelation took place through the enol form of the ligand and
metal ions, Table 1. The ML.nH2O complexes were formed
by the binding of the metal ions to the –NH2 group of the
hydrazone and the oxygen atom of the barbiturate moiety
where a ﬁve membered ring was formed. Geometry optimiza-
tion is one of the most important steps in the quantum chem-
ical calculations. The structure of the ligand as well as the
complexes were fully optimized using density functional the-
ory. The accuracy of the geometry optimization was veriﬁed
by wave-number calculations. Positive values of all the calcu-
lated vibrational wave numbers conﬁrmed the geometries to
be located on true local minima on the potential energy sur-
face. Positive wavenumbers established the stability of the
structures at minimum energy. The selected optimized bond
length and bond angles for Cu(II), Co(II) and Ni(II) metal
complexes are gathered in Table 1.
The calculated NAN bond length in the ligand (1.375 A˚)
was found to be shorter than the usual hydrazine NAN bond
length (1.38 A˚), but is closer to other similar molecules
containing the NAN moiety, such as dihydrazones [29].
On the other hand, it is documented that the formation of
3-fold/or 2-fold hydrogen bonds by the CAO groups results in
the elongation of this bond from the predicted carbon–oxygen
bond length (1.26 A˚) up to 1.320 A˚ [30]. The C1AO1 and
C2AO2 bond lengths determined from DFT calculations in
‘‘L’’ seems to have (1.335 and 1.345 A˚) values indicating the
contribution of CAO groups of barbituric acid moiety in
H-bonds [31,32].
The C2AN2 and C3AN3 bond lengths were found to be
1.285 and 1.287 A˚, which are comparable with those found
in the literature (1.20–1.23 A˚).
The N1–C2–N2 angle in the ligand had increased to a value
of 128.2, whereas C2–N2–C3 and N2–C3–C4 angle had
decreased to 116.8 and 118.5, respectively, due to the
presence of H-bonding between O2 and a neighboring hydro-
gen from another ligand molecule, whereas, the C3–C4–C1
angle had nearly the usual bond angle of tetrahedral bonds
(108.8). Upon complexation, the bond length C2AN2 showed
elongation as compared to the ligand, which may be due to its
relative binding to the metal ions. The dihedral angle C2–N2–
C3–N3 was also found to increase giving more planarity to therms of the ligand.
Table 1 Selected Optimized bond lengths (A˚), bond angles and dihedral angles () of the studied systems obtained at the B3LYP/6-
31G(d)/LANL2DZ level.
Parameter Ligand Cu(II) complex Co (II) complex Ni(II) complex
Bond lengths (A˚)
N1–C2 1.405 1.402 1.420 1.409
C2–N2 1.285 1.365 1.338 1.355
N2–C3 1.396 1.363 1.370 1.398
C3–N3 1.287 1.330 1.314 1.286
N3–N4 1.375 1.310 1.345 1.384
C3–C4 1.516 1.500 1.505 1.503
C1–O1 1.335 1.336 1.339 1.348
C2–O2 1.345 1.253 1.276 1.257
Av(M–N) (M‚Cu, Co, Ni) – 2.007 1.868 1.865
Bond angles
N1–C2–N2 128.2 121.1 120.2 120.5
C2–N2–C3 116.8 121.2 122.2 121.5
N2–C3–N3 122.8 119.4 117.5 119.2
N2–C3–C4 118.5 120.6 120.1 118.1
C3–C4–C1 108.8 109.5 109.1 109.2
Dihedral angle
C2–N2–C3–N3 162.3 176.8 178.4 171.9
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structure of the ligand and its complexes was not available,
the optimized parameters have been compared with other sim-
ilar molecules [33,34].3.1.2. IR (Experimental and Theoretical calculations), 1H
NMR and mass spectra
Theoretical calculations of the IR spectra of the ligand ‘‘L’’
and its metal complexes were carried out, Table 2. The calcu-
lated IR spectral intensities were used to convolute all the pre-
dicted vibrational modes using a pure Lorentzian line shape
with a FWHM bandwidth of 10 cm1, to conjure up the spec-
tra. Vibrational assignments of selected modes, compared with
the experimental spectra, are given in Figs. 2–4, Table 2. The
vibrational wavenumber assignments have been carried out
by combining the results of the Gaussview 5 program [24]
and the VEDA 4 program [25]. The calculated harmonic wave-
numbers are usually higher than the corresponding experimen-
tal quantities. This observed dissimilarity between theory and
experiment could be a consequence of the anharmonicity and
of the general tendency of the quantum chemical methods to
overestimate the force constants at the exact equilibrium
geometry. These discrepancies are taken care of either by
computing anharmonic corrections explicitly or by introducing
scalar ﬁeld, or even by direct scaling of the calculated
wavenumbers with a proper scaling factor [35,36]. The
wavenumbers from the B3LYP calculations have been scaled
by a factor of 0.96, which is a typical correction factor for
B3LYP frequencies [37].
The experimental IR spectrum of the ligand showed
frequencies in the range 3691–3151 cm1 corresponding to
m(OAH) as well as mNH2 stretching vibrations. The broad
shape of this band conﬁrmed the formation of a hydrogen
bond. The discrepancy between the theoretical and experimen-
tal wavenumber of O–H group vibration in both the ligand
and its complexes was ascribed to the formation of intermolec-
ular H-bonding. Theoretical calculations also showed that theligand may exist in tautomeric forms and associated structures
through inter- and intramolecular hydrogen bonds. Bands
around 3350–3750 cm1 in metal complexes are attributed to
the presence of coordinated water molecules through intra-
or intermolecular H-bonding [38]. The spectral positions of
asymmetric and symmetric CAH stretching vibrations of the
methylene group were found to be comparable (2987 and
28851) with those of aromatic C–H ring stretching vibrations
(2900–3000 and 2800–2900 cm1) [39,40]. The m(C‚O) and
m(NAH) stretching bands of barbituric acid disappeared in
the studied hydrazone ligand (L), indicating its transformation
to the enol form.
The bands due to mC1‚N, mC2‚N of barbituric acid
moiety are observed in the range 1592–1699 cm1 in the ligand
and its complexes [41]. New bands at frequencies 400–450 and
610–675 cm1 in the spectra of the complexes were obtained,
which were tentatively assigned to mM–N and, mM–O vibra-
tions [42], respectively.
1H NMR spectroscopy is used for structure and functional
determination of molecules. One of the most common solvents
used in NMR is dimethylsulfoxide (DMSO), which is a polar
solvent. The oxygen atoms in DMSO are often involved in
strong hydrogen bonding interactions with acidic protons of
solute molecules (usually protons of –OH or –NH moieties),
as those found in barbituric acid. DMSO withdraws the elec-
tron density from the hydrogen atoms present and so, these
protons signals are shifted downﬁeld [43,44].
1H NMR spectrum of –L, was consistent with its deduced
structure. The signals of the 2NH protons (N–1 and N–2) of
the pyrimidine ring were observed at d 10.69 and 10.28 ppm
[45]. These chemical shifts were observed to be at a downﬁeld
shifting than expected (6.41–6.61 ppm) due to the intermolec-
ular interactions of barbituric moiety with DMSO [46,47].
Hydrogen bonded –OH appears at d 7.76–8.00 ppm and the
enolic proton of the pyrimidine ring resonated in the range d
8.5–9.1 ppm [46].
A broad weak signal at d 4.79 ppm is due to the NH2 pro-
tons of the hydrazone group and that at d 5.18 ppm is due to
Table 2 Selected IR bands of the ligand and its complexes.
Mode Ligand Cu(II) complex Co (II) Complex Ni(II) complex
Expt. Calc. Expt. Calc. Expt. Calc. Expt. Calc.
m(O1–H) 3691 3579 3428 3593 3506 3672 3595 3531 3672 3594
m(N4–H) 3316 3464 3350 3311 3289 3294 3367 3365 3294 3305
3151
mas(C4–H) 2987 3012 3180 2978 2948 2972 2971 2934 2987 2964
ms(C4–H) 2885 2877 2700 2882 2840 2901 2866 2842 2901 2878
m(C1‚N1) 1693 1671 1592 1656 1637 1674 1651 1622 1699 1671
1614
m(C2‚N2) 1658
m(C2–O2) 1358 1517 1560 1495 1569- 1519 1565 1557
m(C3‚N3) 1593 1635 – 1400 1376 1452 1494 1475 1615 1624
(N3–N4–H) 1347 1311 1434 1428 1376 1390 1370 1366 1342 1319
sc CH2 1441 1425 – 1421 1411 1348 1431 1430 – 1421
Twist CH2 1130 1148 – 1135 1132 1282 1152 1145 – 1145
Rock CH2 1214 1256 1351 1328 1240 1224 1261 1250 1283 1269
m(N3‚N4) 1106 1100 1257 1267 1186 1182 1152 1123 1056 1045
Ring trigonal bending 809 885 – 894 889 866 948 945 – 950
969
(C3–N3–N4) 678 685 779 728 708 770 745 609 726 748
Wag (O1–H) 653 655 664 664 444 680 481 401 – 440
616 654
Figure 2 Experimental and theoretical IR spectra of
[CoL.H2O]2.
Figure 3 Experimental and theoretical IR spectra of
[NiL.3H2O]H2O.
Studies of barbituric–hydrazone complexes 221hydrogens of pyrimidine ring, respectively [48]. Due to the low
solubility of L, weak signals in its 1H NMR spectrum were
obtained, whereas 13C NMR could not be traced.
Mass spectra are another tool that provides a vital clue for
elucidating the structure of compounds. The mass spectrum ofL showed relatively small or moderate molecular ion peaks.
The spectrum showed the molecular ion peak at m/z= 142.
The base peak at m/z= 64 is due to (NCN++ 2C+) or
(C.C(N).NC)+ ions. Other intense peaks were at m/z= 55,
57, 69 and 128, respectively. The different fragmentation path-
ways of the ligand give peaks at different other mass numbers
at 80, 85, 95, 97, 111 and 119. The intensity of these peaks
reﬂects the stability and abundance of the ions [49].
Figure 4 Experimental and theoretical IR spectra of
[CuL.H2O]2.
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The Frontier orbitals, highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO)
are important factors in quantum chemistry as these determine
the way the molecule interacts with other species. The HOMO
and LUMO are known as the electron donor and electron
acceptor. The frontier orbital gap is used as an indicator for
chemical reactivity and kinetic stability of the molecule. A
molecule with a small frontier orbital gap is more polarizable
and is generally associated with a high chemical reactivity,
low kinetic stability, and is also termed as soft molecule [50].
In order to get a further understanding of the structures of
ligand (L) and its complexes, their electronic structures have
been probed. The energy of the HOMO and LUMO orbitals
and their orbital energy gap are calculated using the
TD-DFT method, and the pictorial illustrations of these fron-
tier orbitals for the ligand and the complexes are shown in
Fig. 5. The orbital wave functions switch from positive to neg-
ative whenever they go through a node. Positive and negative
regions are shown by green and red colors respectively. The
energy gap in the case of [CuL.H2O]2 is found to be least
(0.92546 eV) while [NiL.3H2O].H2O has the maximum value
at 3.47380 eV, which implies [CuL.H2O]2 has a higher chemical
activity than the other complexes.The electronic spectral measurements were performed to
assign the stereo chemistries of metal ions in the complexes
based on the positions and number of d–d transition peaks.
kmax of the metal complexes of Co(II), Ni(II) and Cu(II) were
recorded at room temperature as Nujol mull. For the [CoL.
H2O]2 complex, kmax were observed at 432, 579 and 638 nm
assignable to 4A2ﬁ 4T1 (P), 4A2ﬁ 4T1 (F) and 4A2ﬁ 4T2
transitions, respectively, which are in conformity with tetrahe-
dral arrangement around Co(II) ion [51].
[NiL.3H2O] H2O gave three bands at kmax 460, 495 and
1000 nm assigned to 3A2gﬁ 3T1g (P), 3A2gﬁ 3T1g (F) and
3A2gﬁ 3T2g favoring the octahedral geometry [42,52,53]. On
the other hand, [CuL.H2O]2 showed kmax at 484, 684 and
979 nm which is in conformity with tetrahedral geometry [54].
3.1.4. ESR spectra
The X-band ESR spectrum of the Cu(II) complex was studied
in the 2300–4000G region, in polycrystalline form, Fig. 6. The
spectrum of the [CuL.H2O]2 complex exhibited signals attrib-
uted to axial spectra with (g|| = 2.253 and 2.243) assigning a
dxy ground state with a G value amounting to 2.09. The
G-value is less than 4, (G= g||  2/g^  2), which corresponds
to a signiﬁcant exchange coupling [55]. Also, the value is typ-
ical of Cu(II) complex with tetragonal geometry.
The ratio g||/A|| is an empirical measure of the amount of
tetrahedral distortion in copper complexes. Previous data gave
a range of 105–135 cm1 for square-planar geometry, and
greater than 200 cm1 for distorted tetrahedral geometry
[56]. [CuL.H2O]2 gave g||/A|| value of 277 cm
1, indicating its
presence in a distorted tetrahedral geometry, which is in accord
with the electronic spectra.
The r-covalency parameter (a2), which is a measure of
covalency was calculated by the expression [57]
a2 ¼ ðAjj=0:036Þ þ ðgjj  2:0023ðþ3=7ðg ? 2:0023Þ þ 0:04;
(where A|| is the copper nuclear hyperﬁne coupling constant
expressed in cm1 units) was found to be 0.566 for [CuL.H2O]2
complex.
The larger the a2, the more covalent is the bond, from
which it seems that this complex shows an extent of metal–
ligand covalency.
3.1.5. Thermal analyses (TGA, DTG and DTA)
The thermogravimetric analyses of the studied complexes have
been carried out and the thermodynamic parameters associ-
ated with the thermal reactions evaluated, Fig. 7. TGA and
DTA of the ligands and their chelates were used to: (i) study
the thermal stability of these complexes, (ii) decide whether
the water molecules are coordinated to the central metal ions
Figure 5 HOMO and LUMO energy levels of ligand and complexes.
Figure 6 ESR spectrum of [CuL.H2O]2.
Studies of barbituric–hydrazone complexes 223or present in ionic sphere -and (iii) suggest a general scheme
for thermal decomposition of these chelates.(see Fig. 8).
The TGA of L showed that the ligand decomposed in a
three decomposition step. The ﬁrst starts between 0 and
228 C with a mass loss (found: 19.05; calc.:19.58%) due to
the loss of a CO molecule. The second step starts at 228–
323 C attributed to the loss of CO.CH molecule, (found:
28.57; calc.: 28.67%) and the third step between 323 and
471 C due to the loss of N2 + CH2NHNH2 molecules (found:
50.79; calc.: 51.05%) .
[CoL.H2O]2 was decomposed in multistep processes, where
four steps were observed between (47–107, 107–213, 213–332
and 332–493 C), respectively, as a result of eliminating
(2H2O + 1/2N2), (steps one + two), with DTGmax = 62 and
150 C, (found: 11.59; calc.: 11.53%), in step 3, 1/2N2 +
N2 + 2C were lost, (found: 15.21; calc.: 15.23%), with
DTG= 314 C and in step four, 2CH2CONH+ C moleculeswere lost (found: 29.59; calc.: 29.07%) with DTG= 374 C
and left with a residue of 43.22% corresponding to 2CoO+ C
(found: 42.69%) and formation of N2 gas.
For [NiL.3H2O]H2O complex, only two steps were
obtained between (52–187 C) and (187–631 C) due to the loss
of a H2O molecule (found: 6.66; calc.: 6.62%) with
DTG= 78 C, then N2 + CH2CH2C(OH)NCN+ 3 coordi-
nated H2O molecules (found: 66.66; calc.: 66.42%),
DTG= 328, 375 and 448 C and left with a residue of
26.67% attributed to NiO (calc.: 27.56%).
For [CuL.H2O]2, three steps between (26–140, 140–260
and 260–532 C) were obtained as a result of the loss of
1/2N2 + H2O molecules in the ﬁrst step (found: 7.40; calc.:
7.22%), DTG= 41 & 110 C, 1/2N2 + H2O molecules in
the second step (found: 7.80; calc.: 7.22%) DTG= 155 &
245 C and 2CH2CONH+ C molecules in the third step
(found: 27.98; calc.: 28.43%) DTG= (280, 325, 375, 440
and 507 C) and left with a 56.82% due to the decomposition
of the rest of the complex into 1.5N2 + 3C+ 2CuO (56.66%).
Thermodynamic parameters associated with the thermal
decomposition of the ligand and its complexes such as DEa
*
(activation energy), DH* (enthalpy of reaction), n (order of
reaction) and DS* (entropy of reaction) were calculated using
Horowitz–Metzger method [58], Table 3. Studies were not
attempted for decomposition stages, which occur within a very
narrow temperature range and data are not enough to be col-
lected. The values of the decomposition reaction order (n)
range between 0.8 and 2.0 showing a mixed regime of control
(kinetic and diffusion). The negative values for the entropies of
activation indicate that the activated complexes have more
ordered structures than the reactants and that the reactions
are slower than normal [59,60].
Figure 7 TGA and DTA curves of L and its complexes. (a): TGA, (b) DTA, (I) L (II) [CoL.H2O]2, (III) [NiL.3H2O].H2O, (IV)
[CuL.H2O]2.
Figure 8 Structures of complexes.
224 A.A. Soayed et al.Theoretically, the higher the value of the activation energy,
the more stable is the complex which assigns the stability of the
ligand L and its complexes. The activation energy of Co(II),
Ni(II) and Cu(II) complexes was expected to increase in rela-
tion with decrease in their radius [61] as the smaller size of
the ions permits a closer approach of the ligand. This was true
for the last decomposition step for complexes where
 DECu = 390.716 kJ mole1 > DENi = 371.802 kJ mole1
> DECo = 272.616 kJ mole1; rCu(II) = 70 pm< rNi(II) = 72 pm< rCo(II) =
74 pm.
From previous data, the structures of the ligand and com-
plexes were deduced to be as follows:
3.2. Antibacterial and antifungal activities
Previous studies on the antibacterial activity of barbituric acid
and its Co(II), Ni(II) and Cu(II) complexes against gram
Table 3 Thermodynamic parameters calculated from DTA data.
Compound Peak Shape Tm a b n DE
* kJ mol1 a Z DH* kJ mol1 DS* kJ mol1 K1
L a Exo 120 2.90 1.90 1.556 51.442 0.548 3.96 27.108 0.226
b Exo 294 3.00 3.70 1.134 136.116 0.608 3.36 69.004 0.234
c Exo 424 2.50 1.80 1.484 175.677 0.567 2.79 101.460 0.239
[CoL. H2O]2 a Exo 375 2.3 1.90 1.386 272.616 0.570 5.52 87.231 0.232
[NiL.3H2O]H2O a Exo 75 0.65 0.90 1.070 64.433 0.619 34.15 15.306 0.204
b Endo 322 4.50 1.20 2.439 345.031 0.461 16.02 71.641 0.222
c Exo 459 6.00 2.30 2.035 371.802 0.496 10.03 105.260 0.229
[CuL.H2O]2. a Endo 113 0.50 0.40 1.408 225.393 0.567 167.08 21.955 0.194
b Endo 250 0.40 0.60 1.028 238.612 0.626 15.14 55.214 0.220
c Exo 499 1.00 2.15 0.859 390.716 0.659 9.46 155.020 0.230
Table 4 Antibacterial and antifungal activities of L and complexes.
Complex Inhibition zone diameter (mm/mg sample)
Escherichia coli (G-) Staphylococcus Aureus (G) Aspergillus ﬂavus (Fungus) Candida albicans (Fungus)
Tertacycline antibacterial agent 32 30 – –
Amphotericin antifungal agent – – 19 20
Ligand 10 9
[CoL.H2O]2 11 9 – –
[NiL.3H2O]H2O 14 15 30 15
[CuL.H2O]2 10 11 – –
Studies of barbituric–hydrazone complexes 225positive (S. aureus) and gram negative bacteria (E. coli)
revealed that neither barbituric acid nor its Cu(II) or Ni(II)
complexes have any activity on these types of bacteria; how-
ever, the Co(II) complex has a good effect[62].
In this study, the synthesized compounds were screened for
their antibacterial activity against S. aureus and E. coli and
were evaluated in vitro for antifungal activity by using stan-
dard agar disk diffusion method [18,19] against A. ﬂavus and
C. albicans. The complexes under investigation showed consid-
erable effect on both gram positive and gram negative bacteria
much better than the complexes of barbituric acid and the
most effect was seen by [NiL.3H2O]H2O. On the other hand,
the study of the effect of these complexes on A. ﬂavus and C.
albicans fungi had also shown that the only effect was detected
by [NiL.3H2O]H2O complex, Table 4.
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